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CARBODIIMIDES 
By JAMES R. SCHAEFFER* 


Perhaps one of the most versatile synthetic tools at the disposal of the organic 
chemist is the aliphatic and aromatic carbodiimide (RN =C =NkR’; R,R’ =alkyl or 
aryl). Substituted carbodiimides have been applied successfully to the synthesis of 
amides (1), esters (2), pyrophosphates (3), sulfonic (4) and carboxylic (5) anhy- 
drides, N-alkyl- and N-arylisomaleimides (6), amidines (7), and a variety of other 
compounds. Certain aromatic carbodiimides are useful reagents for the characteri- 
zation of carboxylic acids (8). 

Here, also, is a chemical reagent of considerable value to the biochemist, for car- 
bodiimides have been utilized in the formation of peptide linkages (1, 9), in the 
synthesis of nucleoside polyphosphates (10), in the synthesis of a phosphorylating 
reagent (11), and in the selective degradation of certain peptides (12). 

Kor a comprehensive review of the chemistry of carbodiimides prior to 1953, 
The Chemistry of Carbodtimides, by H. G. Khorana is recommended to the reader 

3). 

Structure 


Although carbodiimide (HN =C =NH) probably exists mainly in the tautomeric 
form cyanamid (H:NCN) (14), the disubstituted carbodiimides are structurally re- 
lated to the unsaturated allenes (=C =C =C =), isocyanates (— N =C =O), ketenes 
(=C=C=O), and ketenimines (=C =C=N-—). The infrared spectra of dicyclo- 
hexyl-, di-p-tolyl-, and di-p- capa s/s, dp: Wager lepamamnanesi (13) show a strong 
absorption band at 4.75 to 4.774 which appears to be characteristic of — N=C =N— 
stretching. The dhssacesane absorption band for the allenes is at § to 5.16 uw (15) 
and for the ketenimines at § uw (16). 


Methods of Preparation 


Carbodiimides have been prepared by several different methods, but desulfuriza- 
tion of disubstituted thioureas is the method most widely used. Symmetrical 
thioureas may be prepared by reaction of amines with carbon disulfide (17), while 
unsymmetrical thioureas may be prepared by treatment of isothiocyanates with 
amines (18). 


*Research Laboratories, Eastman Kodak Company, Rochester 4, New York. 








2 Organic Chemical Bulletin Volume 33, Number 2 





Metal Oxide Desulfurization (17, 19). 


RNHCSNHA + HgO (PbO) —> AN=C=NA + HgS (PbS) +H,0 
Sodium Hypochlorite Oxidation (20). 


ANHCSNHF + 4Na0CI + 2NoOH —> AN=C=NA + 4NoCI + Na,SOQ, + 2H20 


3. Halogenation of thioureas and ureas followed by dehydrohalogenation of the 
N,N’-disubstituted carbamic chloride (21). 


+ _ H,0 
RNHCSNHF + COCl, —> [ANHCCI=NHA)] Cl oe AN=C=NFA + NaCl 


4. Desulfurization by treatment of thioureas with ethyl chloroformate in the 
presence of a tertiary amine (22). 


RNHCSNHA + CICOOC,H, + RIN—> ANH*CI + [ANHCSCOOC,H,(=NA)] 


heat, RN=C=NA + COS + CH.OH 


Carbodiimides may also be prepared by dehydration of disubstituted ureas using 
p-toluenesulfonyl chloride and pyridine (23). 


ANHCONHA + p- CH,0,H,SO,C! + 2 CgHeN —> RN=C=NA + 


+ 
_ — — 
CyH3NH Cl + p-CH,CgH,SO,; HNCSH, 


Stability 


In the aliphatic series, stability of the carbodiimides increases with branching of 
the alkyl substituents in the following order: RCH,<R:CH <A;C. Liquid methy] 
n-propylcarbodiimide becomes turbid after standing a month and is almost com- 
pletely solidified after 12 months, while methyl-tert.-butylcarbodiimide may be 
distilled after standing 3 years. Unsaturation in the substituting group decreases 
the stability of the carbodiimide (24). 

The aromatic carbodiimides also vary in stability. Di-p- iodophenylcarbodiimide 
polymerizes very readily; pure, crystalline di-p- tolylcarbodiimide i is stable for sev- 
eral months; and di-p-dimethylaminophenylcarbodiimide is stable over a period 
of several years (25), 26). 

The structures of the carbodiimide decomposition or polymerization products 
have not been investigated extensively. A method is available, however, for the 
estimation of carbodiimides which utilizes the quantitative reaction between oxalic 


acid and carbodiimides (27). 





Reactions 


1. Synthesis of Amides.—The reaction of carbodimides with equimolar amounts of 
amines and carboxylic acids to form amides is not sensitive to moisture (1), while 


RN=C=NA + A'COOH + R°NH, —»> ANHCONHA + A CONHA” 


procedures such as those involving mixed anhydride formation must be carried out 
under anhydrous conditions. N,N ‘-dicyclohexylurea, formed from dicyclohexyldi- 
carbodiimide, a reagent used extensively in peptide synthesis, has a very low solu- 
bility in most organic and aqueous solvents and is usually easily separated. In the 
use of this reaction in the synthesis of high- molecular- weight peptides, N,N’- 
dicyclohexylurea and the peptide may have ‘similar solubility properties. Separa- 
tion may be realized by utilizing 1 -cyclohexyl- 4-(2- morpholinoethyl)carbodiimide 
or 1-cyclohexyl-3-(2-morpholinoethy]) carbodiimide metho-p-toluenesulfonate (18), 
since the corresponding urea derivatives are soluble in water and are easily separated 
from the peptide. 

Khorana has discussed the mechanism of amide formation and has pointed out 
some of the difficulties encountered when carbodiimides are used in peptide syn- 
thesis (28). 

In the final step of their penicillin V synthesis, Sheehan and Henery-Logan 
treated D-a- phenoxymethylpenicilloic acid hy drate with dicy clohexylcarbodiimide 
in dioxane-water solution in the presence of potassium hydroxide to obtain the 
cyclization product, potassium phenoxymethylpenicillinate, in 10 to 12% yield (29). 

Prior to the use of carbodiimides (30), successful synthesis of peptides containing 
hydroxylamino acids had been accomplished only through a multistep procedure 
(azide method). 

2. Synthesis of Pyro- and Polyphosphates.—Diphenyl and di-p-tolylcarbodiimide 
react with mono- and diesters of phosphoric acid at room temperature to yield the 
corresponding di- and tetraesters of pyrophosphoric acid. The reaction is rapid and 
the yields are almost quantitative (3). 


(R'0),POOH + RN=C=NA —> ANHCONHA +[(7/0),PO]. 0 


Tetra-p-nitrophenyl Pyrophosphate, which can be prepared by treatment of di- 
p-nitrophenyl hydrogen phosphate with di-p-tolylcarbodiimide, has been shown to 
be a powerful phosphorylating reagent for alcohols (11). 

A one-step synthesis of adenosine diphosphate (ADP) and adenosine triphosphate 
(ATP) has been successfully carried out by treatment of a mixture of adenosine 
monophosphate and 85% phosphoric acid with excess dicyclohexylcarbodiimide 
(31). 

Recently, Moffatt. and Khorana described the use of dicyclohexylcarbodiimide 
in the preparation of adenosine-2’,3’-cyclic-§ ‘_phosphoromorpholidate, a key in- 
termediate in the total synthesis of Coenzyme A (10). 

3. Esterification of C ‘arbox ‘ylic Acids.— -Carboxy lic acid esters are prepared in good 
yield by condensing equimolar amounts of carboxylic acid and an alcohol in the 
presence of a carbodiimide at a temperature below 100° C, (2, 53.94 
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g. Synthesis of Substituted amidines.—Malonic ester and related compounds in 
the presence of catalytic amounts of their sodio derivative react with diphenylcar- 
bodiimide to form the corresponding substituted amidines (7) Grignard reagents 
undergo 1,2-addition to form alkylamidines (39). 


CgH,N=C=NC,H, + CH(COOCH.), —> i a ita H. 
CH(COOC,Hs), 
HO 
CgHsN=C=NQH, + AMGXY — ——> 7 ee 


R 


10. Synthests of Guanidines.— 
form diphenylguanidine $5). 


Ammonia reacts with diphenylcarbodiimide to 


ale ea ee Tre 
GHsN=C=NCH, + NH, > C.H.NHC(=NC,H,)NH, 


11. Synthesis of Triazoles and Tetrazoles.—Aromatic carbodiimides react with 


diazomethane to give triazole derivatives (40). 


ArN=C=NAr + CH,N, — > ArNHC—NAr 


HC, N 
XK, 
N~ 


Reactions of aromatic carbodiimides with hydrazoic acid lead to tetrazole forma- 
tion (41). 


ArN=C=NAar + HN; —> ArN——CNHAr 


ll 
Ny 


12. Pseudourea Formation from Alcohols.—Alcohols react with diphenylcarbo- 
diimide at elevated temperatures to form O-alkylpseudoureas (42). 
CgHsN=C=NC.H, + C,H,OH —> CH,NHC=NC,H, 
| 
OC.Hs 
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Note: The subject matter contained in this Budletin is for information only, 
and none of the statements contained herein should be considered as a recom- 
mendation for the manufacture or use of any substance, apparatus, or method 
in violation of any patents now in force or which may issue in the future. 














